Which structural reforms affect the speed the regional convergence within a country? We found that domestic financial development, trade/current account openness, better institutional infrastructure, and selected labor market reforms facilitate regional convergence. However, these reforms have mixed effects on the growth of regions closer to the country's development frontier. We also document that regional income disparity and average income are inversely correlated across countries so that speeding up regional convergence increases national income. We also present a theoretical model to discuss these results. JEL Classification Numbers: O11, O18, O33, O25, J68
I. INTRODUCTION
Although the majority of the empirical studies on growth and convergence focus on the differences in GDP level across countries, the output disparity within a country across different regions is by no means less dramatic. Figure 1 compares the average regional GDP dispersion in 32 countries over the period of [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] , where the regional dispersion is calculated as the sum of the absolute gap between regions' GDP per capita and the country's GDP per capita, weighted by regions' population shares. Among the advanced economies, most continental European countries, such as Italy and Spain, have higher regional GDP dispersion than the United States. The emerging economies such as China and India have still higher regional dispersions.
Figure 1: Regional GDP dispersion by country (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) * The regional GDP dispersion for each country is calculated as the sum of the absolute gap between regions' GDP per capita and the country's GDP per capita, weighted by regions' population shares. The y axis is the average GDP dispersion over the [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] period. The GDP per capita used is PPP adjusted and deflated using 2005 as the base year.
Figure 1 also shows that there is a distinctive relationship between a country's overall development level and the regional output disparity within the country. Figure 2 articulates this pattern. Here we plot a country's average real GDP per capita over the [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] period against the country's regional GDP dispersion of the same period. The graph indicates a clear negative correlation between the two.
If the poorer regions in the countries that have high regional dispersions can catch up with the richer regions faster so that the regional income disparities could be reduced to a relatively low level, how much change would it bring to these countries' overall economic performance? The answer is: a lot. Table 1 calculates each country's hypothetical GDP per capita assuming that the income of the poorest regions could be increased so that the ratio of GDP per capita between the rich part and the poor part of the country is equal to that of the United States, and compares the The increase from actual to hypothetical GDP ranges from 1.15% for Japan to 48% for Thailand. For most of the European countries the increase is considerable, ranging from 5% to over 10%. GDP (1995 GDP ( -2005 2 1 A country's actual GDP per capita is calculated as population-share weighted average of GDP per capita of all regions within the country whose data is available.
2 the hypothetical GDP is calculated assuming that the GDP of the poor part of a country (the poorer regions that consist 2/3 of the population) increase so that the ratio of GDP per capita between the rich part of the country (the richer regions that consist 1/3 of the population) and the poor part is equal to the ratio of the US. Both the hypothetical and actual GDP numbers are averages over the period of [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . The above empirical observations naturally bring about the following question: what kind of policy and institutional reforms will encourage faster convergence between a country's rich and poor regions? By looking at the relationship between structural reforms and regional convergence, we uncover an important channel through which various types of structural reforms, such as financial sector development, trade/current account liberalization and changes in labor market regulations, affect the economic performance of a country. A rough look at the relationship between certain structural reforms and the dispersion of regional development level indicates that the two are indeed related. This is demonstrated in Figure 3 , which plotted several structural reform indices against the regional GDP dispersion of countries.
There are several reasons why certain structural reforms can affect the speed of regional convergence. For example, a more developed financial system can facilitate the cross-region mobility of capital resources to the regions where capitals have the highest marginal returns, thus increases the speed of catch up. Trade and financial openness may serve a similar functionincreasing the mobility of innovative ideas and encouraging efficient allocation of production resources by introducing more market competition into the economic system. Labor market reforms that reduce the cost of hiring and firing may make the regional allocation of labor more efficient.
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The quality of a country's institutional infrastructure, such as the rule of law and the quality of bureaucracy, also promote regional convergence, if just by making the abovementioned structural reforms more effectively implemented.
The current literature on the impact of structural reforms on convergence is mainly at the country level. For example, Aghion et al. (2005) , with data of 71 countries from 1960 to 1995, interacted financial development variable with country's initial GDP in their growth regression, and found that domestic financial development speeds up convergence. Fung (2009) used data from 57 countries over the 1967-2001period and reached similar conclusions. He also found that human capital is more important to growth for countries that are less developed. Abiad et al. (2007) , using data of EU countries from 1975 to 2004, found that for EU countries, current account deficit (capital inflow) is associated with higher GDP growth, and more so for countries with lower per capita income, indicating that capital inflow contributes to speeding up the crosscountry convergence in Europe. Similar patterns hold for FDI inflows. However, the relationship does not hold in their global sample of 135 countries. In contrast, they found the domestic financial development enhances growth and convergence in the global sample, but not in the sample of European countries. Ben-David (1993 found that trade liberalization that reduce barriers on trade among major trade partners (EU countries, US, and Canada) facilitated income convergence among these trade-liberalizing countries. Unlike the present paper, these studies take country as their basic unit of observation and do not consider the impact of structural reforms on different regions within a country.
The paper is also related to a vast number of studies documenting the existence of unconditional or conditional beta convergence at regional level. For example, Sala-i-Martin (1996) found the existence of unconditional convergence across U.S. states, Japanese prefectures, and several European countries (Germany, UK, France, Italy and Spain) and conditional convergence across a group of European regions. Similar exercise has been carried out for regions in different countries; e.g. Holtz-Eakin (1993) for US regions, Cashin (1995) for Australian regions, Coulombe and Lee (1993) for Canadian regions, and Neven & Gouyette (1995) for European regions. For European regions, there is a consensus that the speed of regional convergence has changed a lot over time: conditional beta-convergence was strong up to the end of the 1970s, stagnated during the 1980s, and then re-emerged at a slow pace (See Magrini, 2004 , for a comprehensive review). Although this literature uses a similar concept of regional convergence as in the present paper, its main interest is to provide evidence to the existence of convergence, instead of identifying specific factors that facilitate convergence at the regional level.
We focus in particular on Euro area countries for two reasons. First, these countries include a relatively homogenous set of economies with relative macroeconomic stability. Second, the euro .2 .4 .6 .8 1 average unemployment benefit index, [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] area debt crisis has at its root the fact that the less rich countries were unable to catch up as rapidly as hoped for with the most advanced regions.
The paper is organized as follows. Section 2 describes the empirical data used and major patterns in the data. Section 3 presents our basic empirical models and discusses baseline estimation results. Section 4 extends the baseline model and conducts robustness checks. Section 5 concludes.
II. Data
We collected data at state/province level for 32 countries. Regional GDP and population data are from several sources. For the United States, we use data from the Bureau of Economic Analysis. For other OECD countries, we use data mainly from OECD Statistics, supplemented by the regional data from EUROSTAT for a few European countries before 1995. The data for five Asian countries are collected from the national statistics agency of each country. The regional GDP variable is deflated (2005 is the base year) and PPP adjusted using the data on purchasing power parity from the Penn World Table. Column 1-6 of Table 2 list the countries/years covered, number of regions in each country, the average regional population, and real GDP per capita for each country.
Consistent with previous literature on regional convergence, we found evidence to "beta convergence" at the regional level. Specifically, we regress, country by country, regions' annual GDP per capita growth on regions' initial GDP per capita at t-1 and some control variables at the country level:
, , 0 , , 1 1 , , , ln ln controls +e
where the control variables include output gap and terms of trade. A positive  indicates convergence, i.e., a negative correlation between regions' growth rates and their initial GDP levels.
Columns 7-9 of Table 2 reports the estimated  for each sample country, its t-statistics, and the R 2 of the regression. In 19 out of the 32 countries,  is positive and significant at 10% level.  is negative for 7 countries, but only one of them (Czech Republic) is significant. The crosscountry average of  is equal to 0.04, which is a bit higher than in some previous studies such as Sala-i-Martin (1996) . Notice that even among the countries with positive  , the speed of convergence still vary considerably across country, the value of  ranging from 0.001 for India to 0.36 for Sweden. The coefficient of variation for the estimates of  is 0.6. The primary focus of our paper is to examine the impact of structural reforms on the speed of regional convergence. The primary measurement of structural reforms we use is the structural reform indices compiled by the International Monetary Fund (2009). These indices evaluate countries' performances in domestic financial development, trade and financial openness, and various categories of labor market policies. We are also interested in other "softer" institutional qualities of a country and their influences on regional convergence. Therefore, we include three such indices-law and order, corruption, and quality of bureaucracy-constructed by the International Country Risk Guide (ICRG) in our study. In addition, we also look at the impact of inflation on the speed of catching up. Table 3 gives the summary statistics of all the structural reform variables under study. More detailed descriptions of the variables are included in the appendix. * The structural reform indices from the IMF's structural reform database are in the rage of 0 to 1. For financial development and trade/current account liberalization indices, a higher score indicates higher development/more openness. For labor market policy indices, a higher score indicates a lower value of the original variable, e.g. a higher minimum wage score means a lower minimum wage level. The three institutional quality indices from ICRG are in the rage of 1 to 6, higher scores indicating higher institutional quality.
As will be discussed in the next section, in our baseline estimations we are mostly interested in how fast the backward regions of a country catch up with the "frontier region" within the country. The frontier region is defined as the region that has the highest GDP per capita among all regions within a country in any given year. Consequently, the "distance to frontier" of Region j in Country i is defined as , ,
distance ln ln
where frontier Y and j Y are the real GDP per capita of the frontier region and region j respectively. Table 4 reports summary statistics of several regional variables, including regional GDP growth, distance to frontier, and GDP growth of the frontier regions. 
III. ESTIMATION MODEL AND RESULTS

A. Theoretical Model
Our theoretical framework follows Aghion et al. (2005) . In this section we provide a sketch of the theoretical model and show how it can be linked to our empirical model. For more modeling details please refer to the appendix.
There are m regions in a country that share the same institutional structure and government policies. Technologies and ideas can be spread and copied across regions, while labor is not mobile. We assume that there is a final good being competitively produced in each region, using labor and an intermediate good:
where t x is the quantity of the intermediate good used in the period, and t A is the productivity of the region.
In each period, there is an entrepreneur in the region who tries to increase productivity by investing in innovation and/or adoption of frontier technologies. Thus the region's productivity t A evolves according to
, is the potential productivity of the country in period 
Crucially  is function of the current productivity gap, t a , and the structural reform,
g is only function of the structural reform t SR . The intuition is that structural reforms may improve the speed of catching up as well as improving potential growth of the country. Therefore, region j 's productivity growth rate can be written as
Combining equation (3) and (4), we have
where 1 1 , SR a are the current level of SR in the country and the highest level of a achievable by a region.
B. Empirical Model
A version of the log-differentiation of equation (4b) 
which can be modified into our testable equation:
is the real GDP per capita growth of Region j in Country i . "distance" is defined as in Equation (2). " i SR " is the structural reform variable under study.
, ,
is the real GDP per capita growth of Country i 's most developed region, dubbed as the "frontier region".
There are a few differences between equation (5) and (6). First, equation (6) uses output growth instead of productivity growth. Secondly, since there is no data on regions' "potential" growth rate and output level, the growth rate and production level of the frontier region (i.e. the region with highest income per capita) is used to approximate the former. And since
is not exactly i g , we allow its coefficient to be different than 1, and the coefficient is expected to be positive. 1  , the coefficient for the variable "distance", corresponds to
in the derivative of equation (5), which is positive given the fact that ' a  is equal to zero at 1 a . Intuitively, a positive relationship between distance-to-frontier and regional GDP growth indicates that convergence exists within a country.
The coefficient we are mainly interested in is 2  , the coefficient of the interaction between distance-to-frontier and the structural reform factor, which corresponds to 6 See appendix 3B for derivations.
in equation (5). 2  will be positive if
In other words, increasing SR from its current level will increase both the current probability of productivity gain and the long-run potential productivity growth. On the other hand, if 2  turns out to be negative, it implies that at least one of the two effects is negative. Empirically, a positive 2  would indicate that the higher a country's score is for a particular SR factor, the faster is its regional convergence. And a negative 2  shows that a higher SR score is associated with slower catching-up across regions.
It is also worth noticing that 3  , the coefficient for the SR variable, approximates the term
in equation (5). Again, this expression says that 3  consists of two effects: (1) the effect of SR on the productivity advance for regions close to the frontier; (2) the effect of SR on the country's potential productivity growth. When 3  is positive, it suggests that the underlining structural reform, besides its effect on backward regions, also has an overall positive effect on the growth of regions very close to the frontier. And the opposite is true when 3  is negative.
An interesting case emerges when 2  and 3  have different signs. Comparing expression (7) and (8), it is easy to see that according to the model's framework, we have Proposition 1:
We assume that , , , ,
In other words, the error term in Equation (6) is composed of a country fixed-effect, which sums up unobserved country-specific factors that may co-vary with other RHS variable, and an observation-specific error. We do not include region-level fixed effects because the speed of convergence when the regional fixed effects are present is the speed that each region converges to its own steady-state, instead of converging to the frontier region of the country.
Note that if a similar convergence regression is estimated at the country level, i.e. if we regress country GDP growth on its initial GDP and the SR factors, the SR variable is very likely to be endogenous, thus renders the OLS estimate of the SR variable biased, and so is the interaction between initial GDP and SR. This is either because of reverse causality-changes in SRs can be prompt by higher growth of a country, or because of omitted variables-other common factors not captured in the model can affect both a country's growth and its SRs. These endogeneity issues are mostly bypassed in our model specification. First of all, instead of using initial regional GDP as a regressor, we use distance-to-country-frontier to capture regions' relative development level, which is mostly independent to the country's GDP level or country growth. Second, we include the GDP growth of a country's frontier region on the RHS of Equation (6), thus control for the country's overall growth performance and potentially the omitted factors that exert mutual influence on country growth and SR factors. In addition, it is not likely that the regional growth rate, conditional on a country's frontier growth, will reverse-cause changes in SR variables at the country level.
Since Equation (6) aims to capture the long-run regional convergence patterns, in the baseline estimations we define the time unit of observations to be five years. Therefore, the observation t X is the average of the values of X over a five-year span. This specification also helps to diffuse the impact of business cycle volatilities on the regression results. We choose the overlapping years of our sample data on regional GDP and on structural reforms from 1971 to 2005, which means we have 7 periods in total for the baseline estimation. The panel is, however, unbalanced, as the starting period differs for each country.
C. Baseline Estimation Results
We consider 11 structural reform variables in total: domestic financial development, trade openness, current account openness, inflation rate, 8 four variables of labor market reforms (unemployment benefit, labor tax wedge, minimum wage, and severance payment), and three variables of long-run institutional quality (corruption, quality of bureaucracy, and rule of law). Tables 5-9 report the baseline regression results of Equation (6) for each SR variable. Heteroscedasticity and serial-correlation robust standard errors are reported in the parentheses. 7 A well-known econometric issue related to panel estimation with a large panel dimension and a small time dimension is that when the lagged dependent variable is included as a regressor, the fixed-effect estimate is inconsistent due to the correlation between the lagged dependent variable and the error term (Nickell, 1981) . At the first glance, Equation (6) falls into this category of model. To see this, rewrite Equation (6) as follows:
. Here for simplicity, we omitted the SR variable and its interaction with distance. However, since we estimate the equation with only country-level fixed effects, the typical bias in dynamic panels is much less of an issue here. Let N be the number of regions in a country, and T the total time dimension. The inconsistency is to the order of 1/ ( ) T N  , instead of being (1/ ) O T as in usual dynamic models.
We estimated Equation (6) both the entire sample of countries and for EU15 countries. 9 The results are reported in Column (3) and (4) respectively under each SR variable heading. We also regressed regional growth on the lagged distance-to-frontier and the SR variable only, to confirm each SR's impact on the overall growth of a country. Those results are reported in Column (1) and (2) under each SR variable heading for the whole sample and the EU sample respectively. First let's look at the impact of financial development and trade openness. In table 5, the first two columns under each SR heading show that the lagged distance-to-frontier variable is positive and mostly significant, indicating convergence in regional GDP for both the whole sample and the EU sample. The coefficients for lagged SRs show that overall both financial development and trade openness are positively correlated with regions' growth. Turning to Column 3 and 4 under each SR heading, the interaction between financial development index and distance-tofrontier is positive and significant in both samples, indicating that a developed financial system facilitates regional convergence. And the effect is bigger in the EU sample than in the whole sample. The interaction between trade openness index and distance-to-frontier is positive and significant for the whole sample. But trade liberalization does not seem to have a significant effect on the convergence pattern of EU regions.  is negative and significant in the EU sample for financial development and in the whole sample for trade liberalization, which indicates that these two SR factors have somewhat negative effect on the growth of developed regions that are close to the frontier. One explanation is that by increasing the economy's potential productivity growth, these SR factors push the frontier further away from where the regions are and make the cost of innovation/adoption higher. And this effect has a disproportionally large impact on regions that are more developed. In Table 6 , when regional growth rate is regressed on lagged current account openness index without the interaction, the results show that more current account liberalization is associated with higher regional growth in general. In contrast, the coefficient of inflation rate is negative and significant in the EU sample. The interaction terms in Column 3 and 4 under each SR heading show that current account openness increases the speed of regional convergence in both samples, and the impact is stronger for the EU sample. On the other hand, higher inflation is significantly related to faster convergence, but only when the whole sample is used. The coefficient 3  for lagged inflation shows up as negative and significant for the whole sample, indicating that inflation has mostly negative growth effect on regions that are more advanced.
Turning to the labor market reforms, in Table 7 , the coefficients of lagged SR in the first two columns show that lower unemployment benefit is associated with lower regional growth in general, 11 while there is no significant direct relationship between the level of labor tax wedge and regional growth. The interaction terms between distance-to-frontier and SR variables indicate that lower unemployment benefit and lower labor tax wedge have basically negative effects on regional convergence. However, 3  for both unemployment benefit and tax wedge is positive and mostly significant, suggesting that a lower level of both is beneficial to regions close to the frontier. The results in Table 8 show that lower severance payment is generally associated with higher regional growth, while the effect of lower minimum wage on growth is mixed, negative in the whole sample and positive in the EU sample. Regarding the interaction terms, the results show that lower minimum wage and lower severance payment are both related to higher GDP growth of the more backward regions, i.e. they both facilitate regional convergence, but the effect is significant only in the whole sample. The results also indicate that lower minimum wage and severance payment is associated with higher growth for more advanced regions, in the EU sample and the whole sample respectively. Finally, Table 9 report results for the three long-run institutional factors. The coefficients of the lagged SRs in the first two columns under each SR heading show that less corruption, higher bureaucracy quality, and more rule of law are all positively correlated with overall regional growth. Moreover, the interaction terms for all the three factors are positive and significant in both samples, indicating that regional convergence is faster when a country has higher qualities of institutions. The estimates of 3  show that all of the three institutional factors are negatively related to the growth of the close-to-frontier regions.
It is worth noting that in the regression specification involving the interaction terms between distance and SR factors, the distance variable itself sometimes becomes insignificant or even negative. One explanation to this is that when the level of the SR factor is low, there is no regional convergence, or even regional divergence within a country. In other words, regional convergence only appears when the underlining SR is above the threshold level. It is interesting to compare the magnitudes of various structural reforms' impacts on regional convergence. Table 10 presents one way to evaluate such magnitudes. Here using the estimated coefficients of the interactions between structural reforms and distance to frontier in the whole sample, we calculate how much the GDP growth rate would change for a region whose distanceto-country-frontier is at the medium level of the sample (equal to 0.46), if the underlining structural reform index increases from the lowest to highest possible value (except for inflation rate, for which we assume the increase is 50 percentage points). The results are reported in Column 4 of Table 10. For the structural reforms that facilitate regional convergence, the effect of increasing SR variables from the lowest to highest level on medium-distance regions' annual growth rate ranges from 0.7% for minimum wage to 2.3% for bureaucracy quality. For the two SR indices that are negatively correlated with the speed of regional convergence, the effect of decreasing the index from the highest to lowest level on the medium-distance regions' annual growth is 1% for unemployment benefit and 4% for labor tax wedge. 
IV. EXTENSIONS AND ROBUSTNESS CHECKS
A. Annual Estimation Table 11 report estimation results for Equation (6) using annual regional GDP growth as dependent variable and 1-year lagged distance-to-frontier, structural reform factors, and their interactions as regressors. The signs and significance level of most interaction terms are similar to the baseline estimations, except for the interaction of inflation rate and distance-to-frontier, which is now insignificant in either whole sample or EU sample. Moreover, most of the significant interaction terms have a larger magnitude than the 5-year averages of the baseline estimates. Overall, Table 11 suggests that our empirical results are not significantly affected by the choice of time unit. 
B. Regional Allocative Efficiency and Structural Coherence
As discussed in the introduction, an important channel through which structural reforms can affect regional convergence is by increasing the efficiency of resource allocations. In this section we control for measures of allocative efficiency in Equation (6) to see how it would affect the estimates of the interaction terms between SR variables and distance-to-frontier. Specifically, we control for two aspects of allocation efficiency at the regional level: (1) the efficiency in allocating labor across sectors, and (2) structural coherence, defined as the degree of coherence between the capital intensity of a region's industrial structure and the country's capital endowment level.
Following Wurgler (2000) 12 , we approximate the cross-sector labor allocation efficiency as the coefficient obtained by regressing a sector's employment growth on lagged growth rate of the sector's output share in the total output of the region: 14 Following Che (2010), we construct an indicator for structural incoherence (SI) at the regional level as the absolute gap between the standard score of the capital intensity of a region's sectoral structure and the standard score of the country's lagged capital endowment:
k.intensity k.endowment
The idea is that the optimal capital intensity level of a region's sectoral structure should reflect the country's capital endowment level. For example, it is more efficient for countries that have high capital endowment to develop larger capital-intensive industries. Therefore, the smaller the gap is between a region's capital intensity level and the capital endowment level of the country that it belongs to, the more coherent is the region's sectoral structure.
16 Table 12 report the regression results of Equation (6), augmented by the two efficiency measures of resource allocation and their interactions with the distance-to-frontier. The first column under each SR variable heading presents results controlling for allocative efficiency in labor. Column (2)s present results with the structural coherence controls.
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The interaction between labor allocation efficiency and distance-to-frontier are positive and significant across all regressions, indicating that regions which are more effective in relocating their labor factor to growing sectors tend to converge faster. Meanwhile, the interaction between structural incoherence indicator and distance-to-frontier is negative and mostly significant, suggesting that regions that are more structurally coherent converge faster.
The interactions between structural reform variables and distance-to-frontier maintained their original signs and significance levels for the most part, with a few exceptions. Specifically, the interaction for trade openness is now negative. The financial development interaction also becomes negative, but only in the regression with the structural coherence controls. In addition, the interactions for labor tax wedge and rule of law are now less significant than before. It is worth noting that the loss of significance or change of sign for the interaction terms of certain SRs does not mean that those SRs do not facilitate regional convergence. It is more likely that their facilitating role mainly works through improving resource allocations. Overall, the results indicate that the impact of structural reforms on regional convergence goes beyond increasing the allocative efficiency. 
C. Structural Reform and Potential Productivity Growth
As mentioned in Section 3A, SRs can facilitate a region's growth by increasing the probability of current productivity gain, through functions such as fostering efficient resource allocation in capital and labor, alleviating borrowing constraints of enterprises, reducing the costs of innovation and adoption of new technology. And in similar ways, SRs can also enhance growth by increasing the long-run potential productivity growth of the country. In this section we explicitly examine the latter effect of structural reforms by assuming that function   
Again, using the frontier region's growth rate as an approximate for   1 1 , i g a SR , we arrive at an empirical counterpart of the above equation, by extending Equation (6) to include an interaction term between the growth rate of the frontier region and the structural reform factors.
, , 0 1 , , 1 2 , , 1
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If SRs indeed have positive effects on the country's long-term growth potential, i g , then 4
 should be positive. Equation (9) also serves as a partial test of Proposition 1. Specifically, according to the 2 nd point of Proposition 1, if we observe that 2 0   and 3 0   in our estimation of equation (6), then the estimated 4
 should be 0  in equation (9) for the same SR factor.
Note that aside from the interpretation derived from our theoretical model, there is another way to understand equation (9). If we take first derivative of the dependent variable with respect to the frontier growth rate, the derivative coefficient (  may indicate that the underlining SR helps increase the technology transfer from the frontier region to other regions. Table 13 reports the estimates of equation (9). The results show that trade openness, lower labor tax, and lower minimum wage are associated with a higher coefficient of the frontier growth variable, though the interaction between trade openness and frontier growth is only significant in the whole sample, and the interaction for labor tax wedge is only significant in the EU sample. In contrast, lower unemployment benefit, lower severance payment, and higher inflation rate have significantly negative 4  s, though the interaction for unemployment benefit is only significant in the whole sample. Interestingly, for all the three institutional infrastructure variables, the interaction terms are negative and mostly significant, except for corruption.
In our baseline regressions of equation (6), two SR variables, unemployment benefit and labor tax wedge, have 2 0   and 3 0   . Now looking at the estimated 4  s for these two SRs, we can see that they are either positive or indifferent from zero, as predicted by proposition 1, except for the 4  for unemployment benefit in the whole sample, which turns out to be negative.
It is interesting to note that for some SR factors, coefficients 3  and 4  have different signs. According to our model, the signs of the two coefficients are dependent upon the signs of
g SR , which are, again, SR's impact on the probability of current productivity increase for the closest-to-frontier region, and SR's impact on the country's potential productivity growth. Interpreting the results of table 13 from this perspective, we can see that SR factors such as trade openness and lower minimum wage may not be so positive for the current output growth of the advanced region, but they are associated with higher growth of the country's potential productivity, at least when the whole sample is used. In contrast, lower severance payment and lower unemployment benefit are good for the immediate output growth of the currently more developed region, but their effect on the frontier productivity growth is negative.
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Compared to the baseline regressions, the signs, significance levels, and magnitudes of the interactions between distance-to-frontier and structural reforms are basically unchanged after adding the new interaction term. In some cases the distance-to-frontier interactions are even of a slightly higher magnitude. 
D. Productivity Convergence
In this section we look at the effect of structural reforms on regional labor productivity convergence, instead of output convergence. We estimate Equation (6) with 5-year labor productivity growth as the dependent variable. The distance-to-frontier of region j is now the gap between the labor productivity of the frontier region and that of region j. Table 14 reports the estimation results. Compared to the baseline estimation for output convergence, the interaction terms between distance-to-frontier and structural reforms are somewhat less significant than before, especially in the EU sample. This is not a surprise, as the measurement of productivity contains more noise than that of output. However, the signs of the interaction terms remain the same as before for most SR variables. 
E. Endogeneity of Structural Reforms
As discussed in Section 3B, the specification of our model makes endogeneity of structural reform variables a less severe issue econometrically, compared to other studies relating growth to policy variables. However, conceptually it may still be argued that certain common factors can affect both structural reforms and the speed of regional convergence. For example, a country may decide to implement the kind of structural reforms documented in our sample, and at the same time takes other measures to diminish the development gaps among its regions. If that is the case, then the significant relationship we found between individual structural reforms and the speed of convergence may be overstated, as they may represent only elements in a whole package of reforms.
To deal with such possibilities, we instrument a country's structural reform variables in Equation (6) with the structural reform scores of neighboring countries. The idea is that countries that are geographically close to each other often share similar institutional arrangements and reforms, but structural reforms in Country i's neighbors should not have any impact on the regional convergence pattern of Country i (see Persson and Tabellini, 2005) . The structural reform score of neighboring countries in reform X is calculated as the average score of X across all countries except country i, weighted by the inverse geographical distances between Country i and other countries:
The interaction between SR variable and distance-to-frontier is also instrumented, using the interaction between "distance" and neighboring countries' SRs. Table 15 report regression results of Equation (6) using the IV estimator. The interactions of a few SR variables that were originally significant are now insignificant in the EU sample, including financial development, unemployment benefit, current account openness, and the three indicators of institutional infrastructure. However, these interactions are still significant in the whole sample, with the magnitudes of the coefficients either similar to or larger than those in the baseline regressions. Overall, compared to the baseline results, the IV estimates give very similar assessments regarding the relationship between structural reforms and regional convergence. 
V. CONCLUSION
The degree of regional income disparity varies considerably across countries. And there is an inverse relationship between the cross-region dispersion of GDP and a country's development level. In this paper we evaluate what kinds of policies and structural reforms can help reducing the income disparity across regions through increasing the speed of regional convergence, and thus boost the country's growth performance as a whole.
We find that financial development, trade and current account openness, and sound institutional infrastructure manifested as more rule of law, less corruption and higher bureaucracy quality are conductive to the catch up of backward regions. Some labor market liberalization policies, such as lowering minimum wages and severance payments, foster regional convergence, while others, such as lowering unemployment benefits and labor tax wedge, are negatively related to the speed of regional convergence. In addition, countries that have higher inflations tend to have faster regional convergence.
The results also show that certain SR factors, though facilitating faster convergence of less developed regions, may be ambiguous for regions close to the country's development frontier. Those SR factors include financial development, trade openness, inflation, and several long-term institutional factors. We also tried to differentiate the more immediate effect of SR factors on regional growth from the structural reforms' impact on a country's potential productivity growth. We found that the two were not always pointing to the same direction.
The same estimation model applied to regional productivity convergence produces similar results. Most of our baseline results are robust to changing the time unit of estimation, to controlling for measures of regional allocation efficiency across sectors, and to the use of IV estimator.
What we presented in this paper is one aspect of the various effects of structural reforms. Numerous factors need to be taken into account when making any policy decisions. Policies such as minimum wages and severance payments have social and humanitarian values that are separate from the concern of economic efficiency. The actual policy judgment is complicated, and beyond the scope of this paper.
APPENDIX A: STRUCTURAL REFORM (SR) VARIABLES
The following SR indices are taken from the International Monetary Fund's structural reform database:
Domestic finance: domestic financial development, averaged of six sub-indices. Five of them relate to banking: (i) interest rate controls, such as floors or ceilings; (ii) credit controls; (iii) competition restrictions; (iv) the degree of state ownership; and (v) the quality of banking supervision and regulation. The sixth sub-index relates to securities markets and covers policies to develop domestic bond and equity markets. Each sub-index is coded from zero (fully repressed) to three (fully liberalized).
Trade openness: average tariff rates. Index normalized to be between zero and unity: zero means the tariff rates are 60 percent or higher, while unity means the tariff rates are zero.
Unemployment benefit: gross replacement rate, average of 1st and 2nd year.
Labor tax wedge: average labor tax wedge.
Minimum wage: ratio of minimum wage to mean wage.
Severance payment: severance payment after 9 months, in months.
Current account openness: financial restrictions on current account transactions, scale 0-1, higher score means less restrictions.
The following SR indices are from the International Country Risk Guide:
Law and order: law and order index, each sub-component equal half of the total. The "law" sub-component assesses the strength and impartiality of the legal system, and the "order" subcomponent assesses popular observance of the law. Each sub-component comprises 1 to 3 points, from low to high assessment.
Corruption: A measure of corruption within the political system that is a threat to foreign investment by distorting the economic and financial environment, reducing the efficiency of government and business by enabling people to assume positions of power through patronage rather than ability, and introducing inherent instability into the political process. The score ranges 1 to 6, high score meaning low corruption.
Bureaucracy quality: Bureaucracy quality index. The institutional strength and quality of the bureaucracy serves as shock absorber that tends to minimize revisions of policy when governments change. Therefore, high points are given to countries where the bureaucracy has the strength and expertise to govern without drastic changes in policy or interruptions in government services. The score rage: 1-4. 
